Introduction
Polyimides have been used in microelectronic devices because of those low dielectric constant, good thermal stability, and good adhesive property. However, a thermal stress was focused on as developing microelectronic devices by using of polyimides due to difference of thermal expansion coefficient (TEC) between polyimides and inorganic materials.
Numata et. al. reported that TECs of some polyimides with rod-like molecular skeletons were as small as those of inorganic materials [ 1] . One of the promising approach to obtain low stress devices is using the low TEC polyimides.
On the other hand, a recent high density interconnection technology has involved the use of photosensitive polyimide precursors which can be patterned directly.
The low TEC photosensitive polyimides are desired to make the low thermal stress microelectronic devices conveniently. Therefore, it is an important issue to investigate the effect of photosensitive group on the thermal and mechanical properties in the low TEC polyimides from photosensitive polyimide precursors.
Experimental 2.1 Sample preparation
The polyimide with rod-like molecular skeleton used in this study was based on 3,3',4,4'-biphenyltetracarboxylic dianhydride (BPDA) and p-phenylene dianiine (PDA). The polyimide films were formed from three kinds of polyimide precursors which were the poly(amic acid) (PAA), poly(amic acid) complexed with dimethylaminoethyl methacylate (ionic PSPI), and 2-hydoroxyethyl methacrylate ester of poly(amic acid) (ester PSPI) [2] . The chemical structures of the precursors are shown in Fig, 1 .
Stress measurement
The 1-methyl-2-pyrrolidone solutions of the polyimide precursors were spin-coated onto silicon wafer pretreated with a 3aminopropyl-trimethoxysilane.
The film thickness after curing was 10µm. The coated wafer was dried on a hot plate at 80°C for 30min.
It was placed in a stress measuring apparatus (F2300, Flexus) and heated at 80°C for 30min in a nitrogen atmosphere.
The wafer was heated to 400°C at a rate of 5°C/min, held at 400°C for 30min, and cooled to 25°C under nitrogen atmosphere.
TEC measurement
The polyimide precursors were coated and dried on a silicon wafer as described in 2.2. The wafer was heated to 400°C at a rate of 5°C/min, held at 400°C for 30min in a convection oven under nitrogen atmosphere.
The cured polyimide films were stripped from the silicon wafer by soaking in a 3:1 mixture of 48% hydrofluoric acid and b7% nitric acid. The TEC of the polyimide films were measured by using a thermomechanical analyzer (TMA8141BS, Rigaku). In order to remove absorbed water and residual stress, the sample was annealed at 400°C and cooled down to 25°C in a nitrogen atmosphere.
After the annealing, the dimensional change in length of the polyimide was measured at a heating rate of 5°C/mm n under nitrogen atmosphere.
In this work, TEC means the average value of dimensional change ratio from 25°C to 400°C.
Relaxation time measurement
A T1 spin-lattice relaxation measurement was used to study the molecular motions in the polyimide films. 270MHz NMR spectrometer (JNM-GX270, JEOL) including CP/MAS technique was used to obtain solid-state NMR spectroscopies. i H-1 H spin lattice relaxation time (HT1) was measured in order to obtain molecular motions in the polyimide films. Table 1 summarizes the results in this work. The polyimide films from ionic bonded PSPI and ester PSPI give higher TEC than the film from PAA. Consequently, the internal stress of the films from the photosensitive polyimide precursors against a silicon wafer are higher than that from the PAA against a silicon wafer. In addition, the film from ester PSPI has greater internal stress than that from ionic PSPI due to an intrinsic stress and higher TEC even though it is cured at 400°C [2] .
Results and Discussion
The polyimide from the PAA has longer relaxation time than those from the photosensitive precursors from the HT1 measurements.
The relaxation time reflects a rigidity of polymer chain. This means that the polyimide from the PAA has the most rigid molecular structure among three polyimides from different precursors.
The photosensitive groups affect the stress, the TEC, and relaxation time in the rigid-rod polyimides. 
Conclusions
The internal stress against silicon wafer, TEC, and HT1 relaxation time in BPDA/PDA polyimides converted from three different precursors, PAA, ionic PSPI, ester PSPI were measured. The polyimide from PAA has the lowest stress, the lowest TEC, and the longest relaxation time among the three. The polyimide from ester PSPI has the highest stress, the highest TEC, and the shortest relaxation time among the three. This results suggest that the photosensitive groups affect the molecular disordering because the groups could work as a plasticizer. Table  1 Results of stress on silicon wafer, thermal expansion coefficient, and HT1 relaxation time for the films from the three kinds of precursors
